Summary:
A congenital heart anomaly, and is found either as an isolated lesion, or in combination with other cardiac anomalies. The ventricular septum is embryologically composed of the endocardial cushions of the atrioventricular (A-V) canal, the conus septum, and the muscular septum, therefore, the defect may appear in a variety of areas in the ventricular septum. The majority of VSDs generally develop adjacent to the membranous septum, however, a VSD beneath the septal tricuspid leaflet, the so-called A-V canal type of VSD, is rare, usually comprising 5% or less of surgically treated VSDs [1] [2] [3] [4] [5] [6] . In Japan, only 6 cases of the A-V canal type of VSD have been described, to our knowledge [4] [5] [6] . In addition, from the surgeon's point of view, the A-V canal type VSD has several distinctive anatomical and clinical characteristics, compared with the common types of VSD which arise in other areas in the ventricular septum.
In to the same level of the ventricular septum were also delineated, however, no atrial septal defects were detected by echocardiography ( Fig. 2-A) . Cardiac catheterization revealed severe pulmonary hypertension (Pp/Ps=0.87) and a left to right shunt at the right ventricle (Qp/Qs=2.64). Pulmonary vascular resistance index (PVRI) was calculated as 7.6 units. After administration of 100% oxygen for 10 min, Qp/Qs increased to 4.0, and PVRI decreased to 3.92 units as shown in Table 1 . Left ventriculography demonstrated a large amount of shunt through the VSD and mild mitral regurgitation via the cleft of the anterior mitral leaflet (Fig. 3-A,B) . On the basis of these findings, the diagnosis of a perimembranous VSD combined with severe pulmonary hypertension, mild regurgitation due to the cleft of the anterior mitral leaflet, and Down syndrome was made. 
DISCUSSION
Ventricular septal defect is the most common congenital heart anomaly, and the defect may appear in a variety of areas in the ventricular septum. Soto and colleagues [3] categorized VSDs into four types; (1) perimembranous, (2) muscular, (3) subarterial infundibular, and (4) mixed defects. According to this classification, the A-V canal type VSD is included among the perimembranous defects, particularly perimembranous inlet defects. Although perimembranous VSDs are most frequently observed at autopsy or during surgery, the A-V canal type VSD is rare. They found the A-V canal type VSD in only 4 (1.8%) of 220 necropsy hearts with isolated or multiple VSDs [3] . Similarly, Neufeld and colleagues [1] found the A-V canal type VSD in 15 (4.2%) of 360 cases with VSDs at necropsy and surgery. On the other hand, only 6 operated cases of the A-V canal type VSD have been reported in the literature in Japan, to our knowledge [4] [5] [6] .
The ventricular septum is embryologically composed of the endocardial cushions of the A-V canal, the conus septum, and the muscular septum.
Among these three elements, deficiency of the endocardial cushions of the A-V canal results in a defect beneath the septal tricuspid leaflet, the socalled A-V canal type of VSD. Furthermore, the endocardial cushions of the A-V canal also contribute to the formation of the A-V valves and the atrial septum. Therefore, deficiency of the endocardial cushions of the A-V canal may develop an isolated atrial septal defect of the ostium primum type, an isolated cleft of the mitral or tricuspid valve or of both, an isolated VSD with or without cleavage of the A-V valves, or a combination of these anomalies. In our patient, the deficiency occurred at the junction of the lower portion of the A-V endocardial cushions, and it apparently involved the left A-V valve, but not the atrial septum. defect, occasionally lead to injury of the bundle by stitches to repair the defect resulting in occurrence of complete atrio-ventricular block. In our patient, we were able to avoid complete atrioventricular block by placing the stitches on the right surface of the ventricular septum 3-5 mm away from the rim of the defect. However, postoperative left ventriculography showed a minor residual shunt through the defect.
In summary, we described a 19-month-old infant with the A-V canal type VSD, severe pulmonary hypertension, a cleft of the anterior mitral leaflet and Down syndrome, and discussed the diagnostic characteristics of ECGs and some surgical challenges faced when repairing A-V canal type VSD.
